Colostrum harvested from cows has different applications. More than anything else, it is the first food, rich in easily assimilated nutrients, immunoglobulins and other bioactive compounds, that a calf will consume. There are over 90 known components in bovine colostrums. The bioactive compounds of colostrum are immune and growth factors (El-Kashef et al., 2012) .
enhancers for other species of animals and for humans (Zimiecki & Artym, 2005; Szulc, 2012) . Immunoglobulins make up to 70%-80% of the total protein content in colostrum (Larson, 1992) .
The high concentration of immunoglobulins in colostrum-based preparations may boost the immune system in the elderly, prevent diarrhoea in children or have hypotensive effects (Conneely et al., 2013; Rak & Bronkowska, 2014) . Other bioactive proteins, which belong to immune factors, found in colostrum are that is, lactalbumins, lactoferrin, lysozyme, proline-rich polypeptide (PRP). α-lactalbumin(α-LA) and β-lactoglobulin(β-LG) exhibit antioxidant and bactericidal properties (Kehoe, 2006) . Lactoferrin has antibacterial, antifungal, antiparasitic and antiviral properties, but has also been shown to have anticancer properties (Conneely, 2013; Eliassen et al., 2002) . It also has antioxidant activity and accelerates immune response (Zimecki & Artym, 2005) . Lysozyme has anti-inflammatory, analgesic and bactericidal action, and shows antifungal properties (Séverin & Wenshui, 2005) . A prolinerich polypeptide (PRP) is an interesting component of colostrum.
This protein is a key element of innate (nonspecific) immunity in humans and other mammals (Toghyani & Moharrery, 2015) . PRP is able to decrease the production of autoantibodies, which makes it useful for the treatment of autoimmune diseases, and for some time, now it has been used to treat Alzheimer's disease (Uruakpa, Ismond, & Akobundu, 2002; Zimecki & Artym, 2005) . Another important component of colostrum is carotenoids, which serve as precursors for retinol, protect cells from free radicals, and shows immune-stimulating effects (Chew, 1993; LeBlanc et al., 2004; Nozière et al., 2006; Voutilainen, Nurmi, Mursu, & Rissanen, 2006) .
In general, colostrum has a higher fat content compared to mature milk. Therefore, of importance is also the composition of fat, in particular the proportion of acids such as butyric, arachidic, CLA and PUFA, which are valuable due to their health-promoting effects (Gabryszuk, Sakowski, Metera, Kuczyńska, & Rembiałkowska, 2013; Nałęcz-Tarwacka, 2006) .
Research shows that chemical composition and quality of colostrum as well as mature milk are influenced by the nutrition, health status and genetic characteristics of the cows (Król, Brodziak, Litwińczuk, & Barłowska, 2012; Turner, Williamson, Roche, & Kolver, 2003; Zarcula et al., 2011) . Considering that cow's colostrum is used by the cosmetics and pharmaceutical industries, it is interesting to study the effect of dietary factors on the concentration of valuable bioactive compounds in colostrum. Carotenoids are one of the nutritional components with potential effects on the cow's colostrum composition. Research shows that dietary carotenoids not only influence the cow's immune system, but also improve colostrum and milk quality (Kuczyńska, 2011; Reklewska et al., 2003; Kaewlamuna et al., 2011) .The cow's carotenoid intake can be increased by adding synthetic β-carotene to the diet or by using a feed rich in natural carotenoids, including β-carotene.
We hypothesized that the use of carotenoid-rich pumpkin silage will be a factor influencing the concentration of bioactive compounds in colostrum.
The aim of this study was to determine whether feeding transition cows with synthetic β-carotene or natural carotenoid-rich feed will have a positive effect on the concentration of bioactive compounds in the colostrum.
| MATERIAL S AND ME THODS

| Animals
The study examined 40 Simmental cows, which were divided into four groups with 10 cows per group based on the analogue principle according to age, lactation number and body weight. Four weeks before expected calving, cows were started on the experimental rations. The control group (I) was fed grass and maize silage and supplemental concentrates. In group II, the same diet as in group I was supplemented with 400 mg/day/cow of synthetic β-carotene. In group III 40% DM of maize silage was replaced with pumpkin silage to increase β-carotene intake by 400 mg in relation to the control group.
In group IV, 60% DM of maize silage was replaced with pumpkin silage without adjusting for β-carotene.
During the experiments, cows were individually housed in a tiestall barn and had free access to water. Diets were formulated according to INRA (2009) and prepared as TMR. The ingredients and chemical composition of the diets are described in Table 1 . TMR was prepared for whole the group in order to supply 105%-110% of the expected feed intake for the group. In the group II, β-carotene was included into TMR with the concentrate. Cows were individually fed twice daily (50% of total diet in each feeding) at 7:00 a.m and 5:00 p.m. The feed refusals for the group were daily collected and weighted once a day prior to the morning feeding. The feed intake for the group was recorded daily as the difference between feed offered and refused. The average feed intake per cow was calculated by dividing the feed intake per group by the number of animals.
Samples (0.5 kg) of diets and orts from each group were taken once weekly before and during the morning feeding during the whole experimental period. Composite samples were formed and stored at −20°C for further chemical analysis.
| Sampling and chemical analyses
Colostrum was harvested from all the cows within 5 hr of calving.
Once collected, colostrum was placed into 50-ml tubes and frozen at -20°C until analysis. The colostrum was analysed for dry matter, protein, fat, lactose, lysozyme, PRP (proline-rich polypeptide), immunoglobulins, carotenoid content, total antioxidant status and fatty acid composition.
The content of fat, protein, lactose and dry matter was determined by infrared spectrometry using a MilkoScan FT (Foss Electric).
The analysis of carotenoid separation and contents was made The content of PRP was determined by ELISA using a kit by GenAsia.
The content of whey proteins (lysozyme, lactoferrin, α-LA and β-LG) was determined by HPLC on a Supelcosil LC-318 column according to the procedure described by Kuczyńska et al. (2012) .
Mobile phase A was a mixture of acetonitrile and 0.1% trifluoro- 215-230°C at 20°C/min; and 230°C for 3 min. Other parameters were carrier gas (He) pressure constant, injector temperature 240°C
and detector temperature 300°C. The flow rate of the carrier gas was equal to 25 cm/s.
| Statistical analysis
Results obtained were developed statistically using the ANOVA procedure of one-way analysis of variance with Statgraphics 6.0
Plus software. The significance of differences between groups was 
| RE SULTS
The diet had no effect on the gross composition of colostrum. There was only a tendency for the content of most of the parameters (dry matter, protein, casein, lactose) to increase in group IV, which received the highest proportion of pumpkin silage in the diet (Table 2 ).
The highest content of α-carotene, β-carotene and violaxanthin was found in group IV with a highly significant difference in relation to group I (p ≤ 0.05) ( Table 3 ). The lutein content was highest also in the colostrum of cows from group IV with a significant difference in relation to groups I and II (p ≤ 0.05). As was the case for most of the analysed carotenoids, the highest TAS was noted in the colostrum of cows from group IV, with a significant difference in relation to group I(p ≤ 0.05) ( Table 3 ).
The concentration of immunoglobulin IgG was found to be higher in groups III and IV than in group I (p ≤ 0.05). In groups II, III and IV, the IgM level was significantly higher than in group I (p ≤ 0.01).
The level of IgM in groups III and IV was also higher than in group II (p ≤ 0.05). The highest concentration of IgA was observed in group IV and the lowest in group I (p ≤ 0.05) ( Table 4) .
No significant differences were found between the groups in lactoferrin content of colostrum, although it tended to be higher in groups receiving pumpkin silage (III and IV). Similarly to the case of PRP, no significant differences were found between the groups and there was only an upward trend in group IV. Also, the content of α-LA and β-LG was similar in all the groups. Significant differences between the groups occurred for the content of lysozyme in colostrum;
the content of which in groups IV and III was significantly higher than in group I (p ≤ 0.05) ( Table 5 ).
The content of C17:0 was significantly higher in groups I and II (p ≤ 0.01) in comparison with group IV and that of C18:0 significantly higher in groups III and II compared to groups I and IV(p ≤ 0.05). The content of C20:0 in the colostrum of cows from groups I and II was significantly higher in relation to groups III and IV(p ≤ 0.01). A significantly higher content of C18:1 trans was observed in colostrum from group II compared to group IV(p ≤ 0.05). The colostrum of cows from groups III and IV contained more C18:3 n-3 compared to groups I and 
TA B L E 5
The content of bioactive proteins and peptides in colostrum II. The dietary rations had no effect on the total content of SFA and MUFA as well as PUFA in colostrums. Differences occurred in the content of PUFA n-3, which were significantly more abundant in colostrum from groups IV and III compared to groups I and II(p ≤ 0.05) (Table 6 ).
| D ISCUSS I ON
As regards the gross composition of colostrum, no significant differences between the experimental groups were found. The results obtained are similar to those reported by other authors (Adamczak & Bednarski, 2008; Szulc & Zachwieja, 1998) . Research shows that colostrum composition depends on the cow's breed and age, and also on nutritional factors (Kehoe, Heinrichs, Moody, Jones, & Long, 2011; Kuczyńska, 2011) . In our study, the experimental diets provided increased intakes of bioactive compounds such as carotenoids. This could have contributed to ruminal metabolism and better conversion of feed energy and protein (Hino, Andoh, & Ohgi, 1993) .
However, the dietary rations did not have any effect on the content of gross colostrum components.
Present study showed that the addition of pumpkin silage to the dietary ration of dairy cows in the late (transition) dry period increased the content of most of the analysed carotenoids, including β-carotene, in colostrum. However, a significant increase in these components was reported only in group IV, with the highest proportion of pumpkin silage in the ration. This resulted in the highest concentration of β-carotene in MD of the diet (Table 1) . Likewise, Lotthammer (1979) observed that β-carotene supplemented to the diet of dry cows had an effect on its content in colostrum. Similarly in the study of Kaewlamuna et al. (2011) , adding supplemental β-carotene to the diet of dry cows increased its content in blood serum and colostrum. In our study, in the colostrum of cows from group IV, a higher content of other carotenoids was also found. Compared to the control group, the content of α-carotene, violaxanthin and lutein was higher. It probably resulted from the fact that the introduction of a large part of pumpkin silage to the ration caused the highest intake of β-carotene, but also increased the intake of other carotenoids, the amount of which is high in this feed (Łozicki at all., 2015) .
The introduction of β-carotene only (group II) and of smaller amount of pumpkin silage (group III) did not provide for significant increase in the studied carotenoids in the colostrum. Many studies reported the milk carotenoids content to increase as their dietary intake increased (Kuczyńska et al., 2011; Reklewska et al., 2003; Voutilainen et al., 2006) . Most often this is observed when feeding is based on pasture forage. Pumpkin silage, which is also rich in carotenoids, is a feed available also during winter feeding. The increased content of carotenoids in colostrum increases the total antioxidant status of the colostrum. The highest TAS, especially in relation to group I, was the characteristic of colostrum from groups III and IV (Table 3 ). The increased TAS of colostrum and milk after including β-carotene in the diet is supported by other studies (Chawla & Kaur, 2004; Kuczyńska et al., 2011 ).
Cow's colostrum is rich in immunoglobulins IgG, IgM and IgA, 85%
of which are immunoglobulins IgG (Conneely et al., 2013) . Our study demonstrated that the transition diets have an effect on the colostrum immunoglobulin content. The content of immunoglobulins IgG, IgM and IgA was higher in the groups receiving pumpkin silage (Table 4 ).
The addition of this feed to the diet, with a similar energy and protein intake as in the other groups, increased the intake of carotenoids. The level of IgM in colostrums also increased in relation to the control group when β-carotene alone was added to the diet (group II). The higher concentration of immunoglobulins in the groups with a higher intake of carotenoids may result from their immune-stimulating action (Chew, 1993) . However, in the study by Kaewlamun et al. (2011) , adding β-carotene to the transition diet had no effect on increasing the concentration of IgG in colostrum. When analysing the effect of diet on milk IgG content, Król et al. (2012) found its concentration to be higher for pasture compared to intensive feeding. Pasture feeding also involves a higher intake of carotenoids compared to feeding silage and large amounts of concentrates.
The immune factors included in colostrum are also α-lactalbumin, β-lactoglobulin, proline-rich polypeptide, lysozyme and lacto- Zimecki & Artym, 2005) . The concentration of α-lactalbumin and β-lactoglobulin whey proteins is higher in colostrum than in mature milk . Gray and Mackenzie (1987) and Mackle, Bryant, Petch, Hooper, and Auldist (1999) note that the content of whey proteins in milk is largely determined by dietary energy intake and is lower with limited energy intake. In our study, the dietary energy level was uniform in all the groups, and the lack of differences between the groups in α-LA and β-LG concentration supports the results of the authors cited above. Reklewska et al. (2003) showed milk α-LA and β-LG content to be higher for pasture feeding compared to the feeding of conserved feeds. It can be assumed that in the above study, pastured cows had a higher intake of carotenoids.
The lactoferrin content of bovine colostrum is higher than in mature milk and constitutes an important element of innate immunity (Indyk & Filonzi, 2005) . Its content in milk is determined largely genetically (Gajda-Morszewski & Śpiewak, 2015; Król et al., 2012; Turner, Thomson, & Auldist, 2007) . Research also shows the effect of dietary factors on milk lactoferrin content (Król et al., 2012; Turner et al., 2003; Wielgosz, Sobczuk-Szul, Wroński, & Rzemieniewski, 2009 ). Król et al. (2012) analysed the influence of various factors (breed, inflammation, diet) on milk lactoferrin concentration and considering the feeding factor they found it to be higher in the milk of pasturefed cows compared to those fed intensively. In turn, Wielgosz et al.
(2009) and Turner et al. (2003) observed lactoferrin content to be higher when cows were fed conserved feeds and TMR compared to pasture feeding. In our study, the dietary rations also had an effect on lactoferrin content, although the differences were not significant.
The increased content of this compound was observed in the groups fed pumpkin silage.
Similar to the case of lactoferrin, lysozyme content is higher in colostrum than in mature milk (Farkye, Roginski, Fuquay, & Fox, 2002; Penchev-Georgiev, 2008) . There are few studies to analyse the effect of dietary factors on the lysozyme content of mature milk and colostrum. In our study, supplementing the diet with pumpkin silage increased the lysozyme content of colostrum from group IV and III cows. Król et al. (2012) found milk lysozyme content to be higher in pastured cows compared to TMR-fed cows. In both our study and that of Król et al. (2012) , the experimental feeds (pumpkin silage or pasture forage) contributed to a higher carotenoid intake by the cows.
The study did not find any significant differences in colostrum PRP content between the experimental groups, although the tendency increase in concentration of this compound was observed in the colostrum of cows from group IV, which had the highest intake of carotenoids.
The analysis of fatty acid composition revealed no significant differences in the total SFA, MUFA and PUFA content. Differences were only found for some fatty acids. It is worth noting the higher content of C18:3 n-3 in groups III and IV, in which maize silage was replaced with pumpkin silage. Compared to maize silage, pumpkin silage has a higher content of PUFA and a lower content of MUFA (Łozicki et al., 2015) . Therefore, replacing part of maize silage with pumpkin silage should have greater effect on the composition of fatty acids in colostrum. Leiber, Hochstrasser, Wettstein, and Kreuzer (2011) reported that supplementing the diets during the dry period with linseed oil, rich in n-3 acids, had no effect on the total MUFA and PUFA content, but increased the content of n-3 PUFA. As regards long-chain PUFA, the results of these authors and our findings may point to limited synthesis of long-chain fatty acids from dietary LA and ALA.
| CON CLUS ION
Present study showed that pumpkin silage fed to dairy cows during the dry period increases the carotenoid and immunoglobulin content of colostrum. The high proportion of pumpkin silage in the diets also increases the content of lysozyme in colostrum. The diet had no considerable effect on the composition of fatty acids in colostrum.
Our results indicate that the use of pumpkin silage in the diets of dry cows increases the functional value of colostrum.
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